of the instrument's optical bench. The light then enters a preimaging stage that contains a three-mirror anastigmatic (TMA) fore-optics system, 4 a filter wheel, and a refocusing mechanism. The micro-shutter assembly (MSA) is located in an intermediate image plane, with the integral field unit positioned behind it. 5 The spectrographic stage has a fold mirror, two TMAs, a grating wheel, and the detectors (provided by NASA). 6 The instrument also includes internal calibration sources. By manufacturing several of the instrument components (mirrors, mounts, and optical bench base plate) from silicon carbide, we were able to create an athermal concept that can meet the demanding image quality and stability requirements at cryogenic temperatures.
Before we delivered the NIRSpec flight instrument to ESA and NASA in September 2013, we carried out an extensive set of environmental tests. 7 We conducted electromagnetic compatibility and interference testing, as well as comprehensive performance and calibration tests at operating temperatures using dedicated optical ground support equipment. We also carried out acoustic
Continued on next page
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and vibration tests that simulated the conditions NIRSpec will encounter during the JWST launch. Additional tests at cryogenic temperatures confirmed that the acoustic noise and vibration testing did not affect the instrument performance or optical alignment.
Overall, the measured performance of NIRSpec is excellent. The instrument wavefront error, measured in the MSA plane, is less than two-thirds of the specification (at both ambient and operating temperatures). The instrument throughput is also well within the specifications, with up to 50% margins for some configurations. We did not detect any molecular contaminations (i.e., hydrocarbons) along the scientific optical train, and stray light levels are below specified levels. We have also developed optimized NIRSpec mechanisms and processing software to minimize overheads and maximize 'science time. ' NIRSpec is a near-IR spectrograph that will be part of NASA's JWST mission. The instrument has a modular design based on silicon carbide. Pre-flight testing has revealed that the instrument's performance is better than its specification. We have now delivered the NIRSpec flight instrument to NASA at GSFC. We will soon be helping to incorporate NIRSpec into the JWST Integrated Science Instrument Module, before the mission's scheduled launch in 2018.
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